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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a fiber optic apparatus for 
producing an approximately uniform scattered light out- 
put, and particularly to improvements on two types of 
fiberoptic diffusers which can be used in a biological en- 
vironment, and methods of manufacturing the same. 

The method known as "photodynamic therapy" 
(PDT) has been widely used in recent years in treatment 
for cancers or tumors, and other diseases in humans 
and even in animals. Reference is made to U.S. Patent 
No. 4,689, 1 29 for a discussion of particulars of one such 
PDT method and apparatus for practicing the method. 
There are three types of optical devices which are main- 
ly used in PDT for light distribution at the treating region. 
The fiber optic microlens is one type of device which can 
transfer a divergent light beam to an area of accessible 
tissue surfaces. The fiber optic cylindrical diffuser or 
"line source" is anothertype which has a cylindrical scat- 
tering pattern of light output with respect to the central 
axis of the optical fiber, and can be used in a cylindrical 
geometry for application to areas such as a bronchus or 
esophagus. The fiber optic spherical diffuser or "light 
bulb" is the third type of device which produces a spher- 
ical scattering light field. The spherical diffuser is usually 
applied in treatment to approximately spherical cavities, 
e.g. the bladder or a surgically created cavity resulting 
from the resection of the bulk of a tumor. 

A typical example of a fiber optic cylindrical diffuser 
and a method of making the same is disclosed in U.S. 
Patent No. 4,660,925 issued on April 28, 1 987 to James 
S. McCaughen, Jr. The cylindrical diffuser disclosed by 
the MaCaughan patent includes an optical fiber with an 
exposed core portion at one end, a scattering medium 
coated on the exposed core portion and on the sheath- 
ing of the fiber adjacent thereto, and an end-open tube 
adhered on the scattering medium. The process of man- 
ufacturing the diffuser mainly includes the steps of strip- 
ping the cladding and sheathing of the fiber at one end 
of the fiber to provide a length of exposed fiber core, 
polishing the exposed core, coating the exposed core 
and the adjacent sheathing with a scattering medium, 
tightly inserting the scattering medium into the tube, fill- 
ing interstices between the earlier coated scattering me- 
dium and the tube with the scattering medium, and ex- 
cluding the entrapped air. 

EP-A-0 299 448 discloses a fiber optic device for 
the transmission and lateral irradiation of laser energy 
comprising an optical fiber having an outlet and which, 
after removing its coating, is covered with a microcap- 
sule. The microcapsule is transparent to laser radiation 
and has a substantially toroidal thickened portion sur- 
rounding the end. Thus, the microcapsule is arranged • 
to provide a "corolla-shaped" output laser beam that is 
desirable for the purposes of angioplasty. 

A typical fiber optic spherical diffuser and a method 



of making the same are shown by the U.S. Patent No. 
4,693,556 issued on September 15, 1 987 to James S 
McCaughan, Jr. The method mainly includes the steps 
of removing the cladding and sheathing of an optical fib- 
s er at one end to provide an exposed core portion, pol- 
ishing the exposed core portion, and coating the ex- 
posed core portion and the adjacent sheathing of the 
fiber layer by layer with a scattering medium until a scat- 
tering sphere is formed. 
»0 In photodynamic therapy, the basic requirements 
for the fiber optic diffusers are that the light distribution 
must be as uniform as possible within a volume of tissue 
containing a tumor, and the mechanical properties must 
be reliable. If the fiber optical diffuser assembly breaks 

is on insertion or during treatment, the light distribution will 
be inadequate at best. Furthermore, there is a possibility 
that a piece of the broken fiber will be left behind and if 
elevated oxygen concentration is present the danger of 
fire exists because of the higher power density present 

2° at the broken end of the fiber. In addition, rigidity of the 
fiber optic diffuser is also an important requirement in 
PDT. This is because the path of the fiber assembly in 
a channel of a flexible endoscope and in a tumor should 
be controlled by the direction of insertion rather than the 

25 irregular mechanical properties of the tissue or tumor. It 
is also desirable that the fiber optic diffusers have a low 
power loss and maximum power handling ability. 

These requirements are not well satisfied by the 
conventional devices due to the shortcomings in their 

30 structures or the methods of making them. 

The present invention is an improvement on the pri- 
or fiberoptic diffusers including the prior fiberoptic cylin- 
drical diffusers and fiberoptic spherical diffusers, and on 
the methods of manufacturing the same. 

OBJECT OF THE INVENTION 

It is an object of the present invention to provide a 
fiber optic diffuser which has an approximately uniform 

40 scattering light output and good mechanical properties. 
It is another object of the present invention to pro- 
vide a fiber optic diffuser for use in a biological environ- 
ment which has good optical properties and good me- 
chanical properties. 

is It is still another object of the present invention to 
provide methods of manufacturing the fiber optic diffus- 
ers of the present invention which simplify the conven- 
tional process. 

It is still another object of the present invention to 

>o provide a fiber optic cylindrical diffuser having an ap- 
proximately uniform light output in a cylindrical scatter- 
ing pattern with respect to the central axis of the fiber, 
and good mechanical properties, and a method of mak- 
ing the same. 

; * It is still another object of the present invention to 
provide a fiber optic cylindrical diffuser with a low 
enough power loss, which can handle up to at least 600 
mw/cm of 630 nm light continuously without damage, 
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and has a good mechanical strength and rigidity to allow 
a smooth insertion of the fiber assembly through the bi- 
opy channel of a flexible endoscope and into a tumor 
along a straight pass. 

It is a further object of the present invention to pro- 
vide a fiber optic spherical diffuser with an approximate- 
ly uniform light output in a spherical scattering pattern, 
and good mechanical properties, and a method of mak- 

It is still a further object of the present invention to 
provide a fiber optic spherical diffuser with sufficiently 
low power loss, which can handle continuous power lev- 
els of at least three watts of 630 nm light without being 
damaged, and has good physical properties to with- 
stand cold sterilization and to allow a smooth pass 
through a cytoscope. 

It is still a further object of the present invention to 
provide a scatter composition which can be used in the 
fiber optic dlffusers with improved optical properties. 

These and still further objects of the present inven- • 
tion will become apparent hereinafter. 

BRIEF SUMMARY OF THE INVENTION 



BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a cross-sectional view of a fiber optic 
cylindrical diffuser of the present invention. 

Figures 2A, 2B and 2C show cross-sectional views 
of three embodiments of the preferred tapered head of 
the sleeve member used in a fiber optic cylindrical dif- 
fuser of the present invention. 

Figure 3 is a cross-sectional view of an alternate 
embodiment of a fiber optic cylindrical diffuser in accord- 
ance with the present invention. 

Figure 4 is a cross-sectional view of a preferred em- 
bodiment of a fiber optic spherical diffuser of the present 



This invention relates to improvements on the 
fiberoptic diff users for use in PDT. The present invention 
discloses a fiberoptic diffuser, comprising an optical fib- 
er with a fiber core and a jacket for delivering light en- 
ergy, the pattern of radiated light being nearly uniform 
in intensity in a cylindrical pattern with respect to the 
central axis of said optical fiber, said optical fiber includ- 
ing a jacket-stripped core tip portion, a sleeve means 
enclosing said fiber tip portion without touching the 
same and fixed on the fiber jacket adjacent to said fiber 
tip portion, wherein said sleeve means has a closed end 
head portion and an opened end portion fixed on the 
fiber jacket adjacent to said- fiber tip portion, and where- 
in said sleeve means is in threaded connection with said 
fiber jacket. 

The present invention also discloses a spherical 
fiberoptic diffuser for dispersing light in a spherical scat- 
tering pattern, comprising an optical fiber with a jacket- 
stripped bare core tip at one end and a scattering me- 
dium enclosing said bare core tip in a spherical form, 
wherein a cylindrical bushing means is provided which 
circumferentially surrounds said bare core tip without 
touching it and is fixed on the fiber jacket adjacent to 
said bare core tip portion, wherein said bushing means 
is in threaded connection with said fiber jacket, and 
wherein said scattering medium encloses and is in con- 
tact with a portion of said bushing means and said bare 
core tip. 

Moreover, the present invention discloses methods 
for manufacturing such fiberoptic diffusers. 

Advantageous versions are given in the dependent 

claims. 



Figure 5 is a cross-sectional view of a fiber-bushing 
assembly and a preferred connection between the 
bushing member and the fiber jacket. 

Figure 6 is a cross-sectional view of an example of 
a metal mold for making the silicon rubber mold with 
20 multi-cavities. 

Figure 7 shows schematically a preferred process 
of making the scattering sphere of the fiber optic spher- 
ical diffuser of the present invention. 

25 DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings with greater particu- 
larity, there is shown in Fig. 1 a fiber optic cylindrical 
diffuser 20. The cylindrical diffuser 20 includes a longi- 

30 tudinally located optical fiber 10 with a bare fiber core 
tip 15 coated with a layer of scattering medium 16, and 
a sleeve 1 8 enclosing the coated core tip without touch- 
ing the scattering medium 1 6 and fixed on the jacket of 
the fiber 10 adjacent to the core tip 15. The cylindrical 

35 diffuser 20 has an approximately uniform light output in 
an outwardly dispersing cylindrical pattern with respect 
to the central axis 24 of the fiber 10. 

The optical fiber 10 is a quartz optical fiber compris- 
ing a quartz core 14 with a diameter of 400 micron. The 

40 core 1 4 is covered by a jacket which consists of a clad- 
ding 1 3 and a sheathing 1 2. The core 14 is first clad with 
a transparent polymer layer 13 of 10-20 microns thick. 
The polymer is then protected from damage by another 
tefzel sheathing 12 with an outer diameter of about B60 

45 microns. The outer diameter of the sheathing 12 may 
be changeable. However, the 860 micron diameter is 
useful because it is ideal to take a rolled thread in the 
standard size 000-120 (a watchmaker's size). This will 
be discussed in more detail hereafter. The length of the 

so fiber 1 0 may be of about two meters long. 

One of the ends of the optical fiber 10 is terminated 
in an SMA style connector (not shown) and connecied 
(SMA to SMA) to a 10 meter length of 100 micron core 
intermediate jumper fiber which is otically coupled to the 
55 output of a laser, such as a 5mW HeNe laser. 

At the opposite end of the optical fiber 10, the 
sheathing is removed by the use of a wire stripper tool 
and the cladding removed with the flame of a miniature 
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gas torch or by other proper methods so as to provide 
a bare core tip portion 15. The length ot the bare core 
tip 15 is preferably 0.5 to 2.5 cm. However, longer 
lengths are also possible in particular applications. 

The bare core tip portion 15 is then covered by a 
layer of scattering medium 16 which is composed of an 
optical adhesive; such as the Norland6l or Epo-Tek 301 
epoxy, and a powdered scatterer such as powdered syn- 
thetic sapphire (aluminum oxide), diamond dust or zir- 
conium oxide dust. These scatters have refractive in- 
dexes to 630 nm light in the 1 .7 to 2.2 range. Some other 
materials may also be suitable. However, the optical ad- 
hesive material should match the refractive Index of the 
quartz (about 1.3) as closely as possible to avoid total 
internal reflection at the quartz-adhesive interface. The 
scatterer must be of different refractive index from the 
adhesive. To produce low loss diffusers it is important 
that the material used have minimal absorbance to the 
light in the wavelength range of the interested light 
source, and the adhesive and the powdered scattering 
material must be optically clear. 

The bare core tip 1 5 is preferably coated with a thin 
layer of scattering medium 16. This can be accom- 
plished by the lollowing method. First, a thin film of op- 
tically clear adhesive is applied to the bare core tip 15. 
Then, a small artists brush is used to apply a scatterer 
to the surface of the adhesive-coated fiber core tip. The 
application of the scatterer is guided by the light trans- 
mitted in the fiber from a HeNe laser. During application, 
the fiber is held parallel to a sheet of white paper (about 
1mm away from the surface). If the paper is between 
the fiber and the eye of the worker, a good idea of the 
uniformity of the light field can be obtained from the size 
and shape of the red illumination. When the desired re- 
sult has been achieved, the adhesive is cured by UV 
light for the Norland #61 or by allowing it to cure in the 
case of the epoxy. 

The mechanical requirements are satisfied by the 
use of a colorless, transparent sleeve 18 which is cylin- 
drical in form and has a closed head portion 1 9. The 
sleeve 1 8 has a bore size larger than the diameter of 
the scatterer-coated core tip so as to provide an un- 
touching match with the fiber tip and be suitable for be- 
ing fixed on the jacket of the fiber 1 0 adjacent to the core 
tip portion 1 5. The sleeve 1 8 can be made of Lexan poly- 
carbonate. In a preferred embodiment of the sleeve 18 
as shown in Fig. 1 , the sleeve 18 is in threaded connec- 
tion with the jacket of the fiber 10. The Lexan cylinder 
(e.g. 1 .8 mm outer diameter) is bored out to the diameter 
necessary tor an 000-1 20 tap (#70 drill). The drill is car- 
ried to within 1 to 2 mm of the head portion 19. The cyl- 
inder is then tapped (000-120) to a depth of 3 millime- 
ters. The bored length of the Lexan cylinder is at least 
3 mm longer than the length of the bare core tip 15. The 
finished sleeve 18 is then threaded onto the jacket of 
the fiber 10. The jacket may have had a thread rolled 
onto it previously by the use of a metal die, or the sleeve 
18 may be used to roll the thread at the time of installa- 



tion. A small amount of epoxy applied to the threads of 
the sleeve 18 before installation will ensure a water tight 
seal and strengthen the connection. When properly in- 
stalled, the sleeve 18 does not touch the scattering me- 
s dium 16 as shown by a space 22, and thus the optical 
properties of the diffuser are unaffected by the sleeve 
18 which protects the diffuser from mechanical stress 
during use. This design also makes it easy to manufac- 
ture and avoids the nonuniform light output caused by 
io the uneven layer of scattering medium on the core tip 
which is possible in prior art devices. 

Fig. 2 shows a preferred embodiment of the sleeve 
18. The sleeve 18 has a sharpened head portion 19. 
The angle R of the tapered head 1 9 is between 30 and 
is 90 degrees and is chosen to facilitate insertion of the 
fiber diffuser assembly through the endoscope and into 
a tumor. 

This fiberoptic cylindrical diffuser has never failed 
in experimental use during over one hundred use cycles 
?0 and has withstood repeated cold sterilization in gluter- 
aldahyde solution fCydex - ) as well as gas sterilization. 

As for a short fiberoptic diffuser (approximately 1 
cm or less), an alternative of the present invention 
shown in Fig. 3 is to simply cleave fiber 10 and polish 
25 the bare core tip 15 to a flat square end face and then 
thread the sleeve 18 onto the fiber sheathing 12. The 
diffusing surface of the drilled out sleeve 1 8 scatters the 
light spreading out from the polished core end of the fib- 
er 10. In this technique, the fiber is stripped and cleaved 
30 carefully so that only the very tip clears the jacket by a 
short distance, such as less than one mm. 

Turning now to Figure 4, Figure 4 shows a fiberoptic 
spherical diffuser 30 of the present invention. The spher- 
ical diffuser 30 includes an optical fiber 10 with a bare 
35 core tip 1 5, a colorless bush member 35 with open ends 
circumferentially surrounding the core tip 15 and fixed 
on the jacket 1 1 of the fiber 1 0, and a spherical scattering 
medium 38 enclosing a portion of the bush member 35 
and the core tip 15. 
4f The optical fiber 10 still comprises a fiber core 14 
protected by a jacket 1 1 which is composed of a cladding 
and a sheathing (not shown). The optical fiber 10 has a 
jacket-stripped tip portion 15, that is, a bare core tip. 
The bush member 35 must have an absorbance as 
45 low as possible to the light in the wavelength range of 
interest. The bushing 35 can be made of Lexan polycar- 
bonate. In a preferred embodiment, the bushing 35 is in 
a threaded connection with the jacket 11 of the fiber 10. 
The bushing 35 is tapped by using the 000-120 rolled 
so thread technique as in the case of the cylindrical diffuser 
of the present invention. A difference is that the bushing 
member 35 has no closed end. In manufacture, the fiber 
end is cleaned and polished flat and square, and then 
threaded into a clear polycarbonate bushing 35 as 
S5 shown by Figure 5. Figure 5 also shows an arrangement 
of the various sizes of the fiber-bushing assembly 34. 

The scattering sphere 38 is composed of a clear op- 
tical adhesive and suspended scattering particle of the 
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powdered scattering material. As in the case of the cy- 
lindrical diffuser of the present invention, the best ma- 
terials are those with the least absorbence at the wave- 
length of interest. Epoxy may be used as the optical ad- 
hesive. The index of refraction of the epoxy should 
match that of the quartz to minimize the reflective loss 
at the quartz epoxy interface. The epoxy can be any 
clear colorless product such as epo-tek 301. The sap- 
phire powder, or other low loss scatterers such as dia- 
mond dust or powdered zirconia are suitable as the scat- 
tering material. 

The exact proportions of scatter to epoxy depend 
upon several factors such as the overall diameter of the 
diffuser and the refractive index of the particles as well 
as their size. However, using the minimum amount of is 
scattering material which provides the desired uniform- 
ity will result in the lowest loss and maximum power han- 
dling ability. The composition by weight preferably rang- 
es between 5% and 20% scatterer, with 7% being about 
right for sapphire powder. * so 

According to the present invention, the production 
of the sphere can be accomplished cheaply and effi- 
ciently by a molding technique employing a reusable sil- 
icon rubber mold to form the epoxy scattering sphere. 
The mold may include multiple cavities so that more zs 
than one spherical diffuser can be produced at the same 
time. As shown by Fig 6, the silicon rubber mold con- 
taining many identical cavities can be produced from a 
chamber 41 for containing the melted silicon rubber 44 
and a metal fixture (not shown) holding an array of iden- 30 
tical metal molds of the finished bulb 42. One eighth inch 
bronze ball bearings bored out and press-filled to one 
sixteenth inch diameter stainless pin is one way to easily 
produce such a mold of the bulbs 42. After the silicon 
rubber has cured the metal plugs can be snapped out 3S 
of the elastic molds without damage to the mold. 

Referring now to Figure 7, the silicon rubber mold 
45 is filled from the bottom up slowly by a pipet with the 
prepared epoxy-scatterer mixture 38 until it is filled com- 
pletely, and the trapped air and bubbles are removed by <o 
tapping and squeezing the mold 45. Then, the finished 
fiber-bushing assembly 34 is held into the mold by an 
appropriate fixture and allowed to cure for a certain pe- 
riod at a predetermined temperature, such as two hours 
at 60° C. During curing of the mixture 38, the position of 4S 
the end of the fiber 1 0 within the sphere can be precisely 
controlled. This is important because the symmetry of 
the light output depends upon the tip position. The light 
distribution may be fine tuned by adjusting the position 
of the fiber tip in the bushing. so 

In addition, the optical distribution of the diffuser is 
also related to the process of the pre-pour preparation 
of the scattering mixture 38. In one embodiment, the 
epoxy is first mixed with the sapphire for three minutes, 
then the mixture stands for one hour, mixed again for ss 
one minute and then the mixture is degased for 2 min- 
utes with a vaccuum pump. The pre-pour curing time 
may be adjusted in order to get a better light distribution. 



The symmetry and light distribution of a finished 
fiberoptic spherical diffuser can be measured by a turn- 
able measuring device which includes a 5 mW HeNe 
laser source and a lock-in receiver with a digital volt me- 

While the preferred examples of the present inven- 
tion have been shown and described, it should be ap- 
parent to those skilled in the art that many more modi- 
fications are possible without departing from the inven- 
io tion concept herein disclosed. It Is intended to cover in 
the appended claims all such modifications as fall within 
the true scope of the invention. 



1 . A fiberoptic diffuser, comprising 

an optical fiber (10) with a fiber core (14) and a 
jacket (12, 13) for delivering light energy, a dif- 
fuser being arranged so that the pattern of radi- 
ated light is nearly uniform in intensity in a cylin- 
drical pattern with respect to the central axis of 
said optical fiber (10), said optical fiber (10) 
including a jacket-stripped core tip portion (15), 
a sleeve means (18) enclosing saidfibertip por- 
tion (15) without touching the same and fixed 
on the fiber jacket (12,13) adjacent to said fiber 
tip portion (15), 
characterized 

in that said sleeve means (18) has a closed end 
head portion (19) and an opened end portion 
fixed on the fiber jacket (12,13) adjacent to said 
fiber tip portion (15) and 
in that said sleeve means (18) is in threaded 
connection with said fiber jacket (12, 13). 

2. A fiberoptic diffuser in accordance with claim 1, 
wherein said fiber tip portion (15) is coated wfth a 
scattering medium (16). 

3. A fiberoptic diffuser in accordance with claim 1 or 
2, wherein said sleeve means (18) includes a bore 
size larger than the diameter of the fiber core (14) 
orthe diameter of said scatterer-coated core tip (15, 
16), and is in a cylindrical form with one end closed. 

4. A fiberoptic diffuser in accordance with claim 1, 
wherein adhesive material is added on the threads 
of said sleeve means (18) or on the threads of the 
fiber jacket (12, 13) at the time of installation for 
ensuring a water-tight seal between said sleeve 
means (18) and said fiber jacket (12, 13). 

5. A fiberoptic diffuser in accordance with claim 2, 
wherein said sleeve means (18) includes a closed 
cone-shaped head (19) at a desired angle with 
respect to the central axis of said optical fiber (10). 
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6. A fiberoptic diffuser in accordance with claim 2, 
wherein said scattering medium (16) is a composi- 
tion of an optical adhesive materia) and a powdered 
scattering material. 

7. A fiberoptic diffuser in accordance with claim 6. 
wherein the refractive index of said optical adhesive 
material is different from that of said powdered scat- 
tering material, the refractive index of said optical 
adhesive material matching the fiber core (14, 15). i 
and wherein said powdered scattering material 
ranges between 5% and 20% by weight in said com- 
position. 

8. A fiberoptic diffuser in accordance with claim 7, h 
wherein said powdered scattering material is 
selected from the group consisting of sapphire pow- 
der, i.e. aluminum oxide, or diamond dust or zirco- 
nium oxide dust. 

9. A fiberoptic diffuser in accordance with claim 7 or 
8, wherein said powdered scattering material is 
preferably in the range of 5% to 15% by weight in 
said composition. 

2S 

10. A fiberoptic diffuser in accordance with claim 9, 
wherein said adhesive material is an epoxy. 

11. A method for manufacture of a fiberoptic diffuser, 
comprising the steps of: so 

removing the cladding (13) and sheathing (12) 
of an optical fiber (10) at one end for a prede- 
termined length for providing a bare core tip 
(15), as 
polishing said exposed bare core tip (15) for 
providing a clean and smooth surface, 
choosing a colorless and transparent material 
to the light at a predetermined wavelength and 
making a desired shape thereby with a longrtu- 40 
dinal size longer than the length of said bare 
core tip (15), 

boring said shaped material with one end 
closed for providing a sleeve means (18), 
inserting said bare core tip ( 1 5) into said sleeve « 
means (18), and 

fixing the open end of said sleeve means (18) 
on the fiber jacket (12,13) adjacent to said bare 
core tip (15), wherein said fixing step includes 
the substeps of tapping threads on the inner so 
surface of said sleeve means (18) and making 
threads on the surface of said fiber jacket (12, 
1 3) in the portion adjacent to said bare core tip 
(15). 



polished bare core tip (15) with the ouler diameter 
of the coated fiber tip smaller than the inner diam- 
eter of said sleeve means (18). 

13. A method in accordance with claim 1 1 or 1 2, further 
including the step of tapering the closed end of said 
sleeve means (1 8) at a predetermined angle for pro- 
viding a sharpened head (i 9). 

14. A method in accordance with claim 11 , wherein said 
fixing step includes the substep of adding adhesive 
material on said threads at the time of installation 
for providing a water-tight seal and strengthening 
the connection. 

15. A spherical fiberoptic diffuser for dispersing light in 
a spherical scattering pattern, comprising 

an optical fiber (10) with a jacket-stripped bare 
core tip (15) at one end, and 
a scattering medium (38) enclosing said bare 
core tip (1 5) in a spherical form, 



12. A method in accordance with claim 11, further 
including a step of optically homogeneously coating 
a thin layer of light scattering medium (16) on said 



in that a cylindrical bushing means (35) is pro- 
vided which circumferentially surrounds said 
bare core tip (1 5) without touching il and is fixed 
on the fiber jacket (11) adjacent to said bare 
core tip portion (15), 

wherein said bushing means (35) is in threaded 
connection with said fiber jacket (11 ), and 
in that said scattering medium (38) encloses 
and is in contact with a portion of said bushing 
means (35) and said bare core tip (15). 

16. A spherical fiberoptic diffuser in accordance with 
claim 15, wherein said scattering medium (38) is a 
composition of an optical adhesive material and a 
powdered scattering material. 

17. A spherical fiberoptic diffuser in accordance with 
claim 16, wherein said scattering medium (38) pref- 
erably comprises 5% to 20% powdered scattering 
material by weight. 

18. A spherical fiberoptic diffuser in accordance with 
claim 1 7, wherein the refractive index of said optical 
adhesive material is different from that of said pow- 
dered scattering material, the refractive index of 
said optical adhesive material matching the fiber 
core (14, 15). 

19. A spherical fiberoptic diffuser in accordance with 
claim 18, wherein said powdered scattering mate- 
rial is selected from the group consisting of sapphire 
powder, i. e. aluminum oxide, or diamond dust or zir- 
conium oxide dust. 

20. A spherical fiberoptic diffuser in accordance with 
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claim 16 or 19, wherein said powdered scattering 
material is preferably in the range of 5% to 15% by 
weight in said composition. 

21. A spherical fiberoptic diftuser in accordance with s 
claim 20, wherein said adhesive material is an 
epoxy. 

22. A method for manufacturing a spherical fiberoptic 
diffuser radiating light in a spherical scattering pat- io 
tern, comprising the steps of: 

removing the cladding and sheathing of an opti- 
cal fiber (10) at one end for a predetermined 
length for providing a bare core tip (15), is 
polishing said core tip (15) for providing a clean 
and smooth surface, 

preparing a silicon rubber mold (45) including 
a round container portion and a cylindrical neck 
container portion, so 
slowly filling said mold (45) with a scattering 
mixture (38), 

fixing a cylindrical bushing means (35) onto the 
jacket (11) of said fiber (10) which circumferen- 
tially surrounds said bare core tip (15), wherein es 
saidfixing step includes the substeps of making : 
threads on the inner surface of said bushing 
means (35) and making threads on the surface 
of the fiber jacket (1 1 ) in the portion adjacent to 
said bare core tip (15), 30 ; 

inserting said fiber tip portion into said mold 
(45) filled with said scattering mixture (38), and 
curing said scattering mixture (38) at a prede- 
termined temperature. 

35 

23. A method in accordance with claim 22, further 
including a pre-pour step of preparing the scattering 
mixture (38) by the substeps of: 4 

(i) mixing the adhesive material with the pow- 40 
dered scattering material for a predetermined 

time, 

(ii) letting the mixture stand for a predetermined 



EP 0 450 149 B1 12 

einer optischen Faser (10) mit einem Faserkem 
(14) und einer Umhullung (12, 13) zum Lielern 
von Lichtenergie, wobei eine Streueinrichtung 
so angeordnet ist, daB das Muster von abge- 
strahltem Licht in einem zylindrischen Muster 
in bezug auf die zentrafe Achse der optischen 
Faser (10) in der Intensitat nahezu gleichformig 
ist, wobei die optische Faser ( 1 0) einen von der 
Umhullung freien Kemspitzenabschnitt (15) 



24. A method in accordance with claim 22, further 
including a step of adjusting the position of said fiber 
tip end in said filled mold (45) or a step of adjusting so 
the position of said fiber tip in said bushing means 
(35). , 



Patentanspruche 

1. Faseroptische Streueinrichtung, mil 



einer Hulseneinrichtung (18), die den Faser- 
spitzenabschnitt (15) umgibt, ohne ihn zu 
beruhren, und benachban zu dem Faserspit- 
zenabschnitt (15) an der Faserumhullung (12, 
13) befestigt ist 
dadurch gekennzeichnet, 
daB die Hulseneinrichtung (18) einen Kopfbe- 
reich (19) mit geschlossenem Ende und einen 
geoffneten Endbereich hat, der an der Faser- 
umhullung (12, 13) benachbart zu dem Faser- 
spitzenabschnitt (15) befestigt ist, und 
daB die Hulseneinrichtung (18) in einer 
geschraubten Verbindung mit der Faserumhul- 
lung (12, 13) ist. 

!. Faseroptische Streueinrichtung gemaB Anspruch 
1, wobei der Fasersprtzenabschnitt (15) mit einem 
Streumedium (16) beschichtet ist. 

'• Faseroptische Streueinrichtung gemaB Anspruch 1 
Oder 2, wobei die Hulseneinrichtung (18) eine Boh- 
rungsgroBe groBerals derDurchmesserdes Faser- 
kerns (14) oder der Durchmesser der mit einem 
Streumedium beschichteten Kemspitze (15, 16) 
aufweist und eine zylindrische Form mit einem 
geschlossenen Ende hat. 

Faseroptische Streueinrichtung gemaB Anspruch 

1 , wobei zum Zeitpunkt der Montage Klebstoff auf 
die Gewindegange der Hulseneinrichtung (1 8) oder 
auf die Gewindegange der Faserumhullung (12, 1 3) 
aufgebracht wird, urn eine wasserdichte Versiege- 
lung zwischen der Hulseneinrichtung (18) und der 
Faserumhullung (12, 13) sicherzustellen. 

Faseroptische Streueinrichtung gemaB Anspruch 

2, wobei die Hulseneinrichtung (18) einen 
geschlossenen, kegelformigen Kopf (19) unter 
einem gewunschten Winkel in bezug auf die Zen- 
tralachse der optischen Faser (10) aufweist. 

6. Faseroptische Streueinrichtung gemaB Anspruch 
2, wobei das Streumedium (16) eine Zusammen- 
setzung aus einem optischen Klebmateria! und 

> einem pulverisierten Streumaterial ist. 

7. Faseroptische Streueinrichtung gemaB Anspruch 
6, wobei der Brechungsindex des optischen Kleb- 



Copied from 106072/2 on 06/22/200S 



13 



EP0 450 149 B1 



materials von dem des pulverisierten Streumateri- 
als verschieden ist, wobei der Brechungsindex des 
optischen Klebmaterials an den Faserkern (14. 15) 
angepaBt ist, und wobei das pulverisierte Streuma- 
terial in der Zusammensetzung im Bereich zwi- s 
schen 5 Gew.% und 20 Gew.% liegt. 

8. Faseroptische Streueinrichtung gemaB Anspruch 
7, wobei das pulverisierte Streumaterial ausge- 
wahlt ist aus der Gruppe, die aus Saphirpulver d. io 
h. Aluminiumoxid, Oder Diamantstaub oder Zirkoni- 
umoxidstaub besteht. 

9. Faseroptische Streueinrichtung gemaB Anspruch 7 
Oder 8, wobei das pulverisierte Streumaterial vor- is 
zugsweise im Bereich von 5 Gew.% bis 15 Gew.% 

in der Zusammensetzung liegt. 

10. Faseroptische Streueinrichtung gemaR Anspruch 

9, wobei das Klebematerial ein Epoxidharz ist. so 

11. Verfahren zum Herstellen einer taseroptischen 
Streueinrichtung, mit den Schritten: 

Entfemen der Umkleidung (1 3) und Ummante- ss 

lung (12) einer optischen Faser (10) an einem 

Ende Qber eine vorbestimmte Lange, urn eine 

blanke Kernspitze (15) zu schaffen, 

Polieren der freigelegten blanken Kernspitze 

(15), urn eine saubere und glatte Oberflache zu 30 

schaffen, 

Auswahlen eines fur Licht bei einer vorbe- 
stimmten Wellenlange farblosen und transpa- 
renten Materials und Herstellen einer 
gewunschten Form davon mit einer Langs- 3S 
groRe langer als die Lange der blanken Kern- 
spitze (15), 

Ausbohren des geformten Materials, wobei ein 
Ende geschlossen ist. urn eine Hulseneinrich- 
tung (18) zu schaffen, 40 
Einsetzen der blanken Kernspitze (15) in die 
Hulseneinrichtung (18), und 
Befestigen des offenstehenden Endes der Hul- 
seneinrichtung (18) an der Faserumhullung 
(12, 13) benachbart zu der blanken Kernspitze ->5 
(15), wobei der Betestigungsschritt die Unter- 
schritte des Gewindeschneidens an der Innen- 
flache der Hulseneinrichtung (18) und des 
Gewindeherstellens an der Oberflache der 
Faserumhullung (12, 13) in dem der blanken so 
Kernspitze (15) benachbarten Bereich ein- 
schlieBt. 

12. Verlahren gemaR Anspruch 11, das ferner einen 
Schritt zum optisch homogenen Autbringen einer ss 
dunnen Schicht eines Uchtstreumediums (16) auf 
der polierten, blanken Kernspitze (15) aufweist, 
wobei der auBere Durchmesser der beschichteten 



Faserspitze kleiner ist als der Innendurchmesser 
der Hulseneinrichtung (18). 

13. Verfahren gemaR Anspruch 11 oder 12, das ferner 
den Schritt aufweist, das geschlossene Ende der 
Hulseneinrichtung (18) unter einem vorbestimmten 
Winkel konisch zu machen, urn einen zugespitzten 
Kopf (19) zu schaffen. 

14. Verfahren gemaR Anspruch 11, wobei der Betesti- 
gungsschritt den Unterschritt des Hinzufugens von 
Klebmaterial auf die Gewindegange zum Zeitpunkt 
der Montage aufweist, um eine wasserdichte Ver- 
siegelung und eine Verstarkung der Verbindung zu 
schaffen. 

15. Spharische faseroptische Streueinrichtung zum 
Zerstreuen von Licht in einem spharischen Streu- 



einer optischen Faser (10) mit einer von einer 
Umhullung befreiten blanken Kernspitze (15) 
an einem Ende, und 

einem Streumedium (38), das die blanke Kern- 
spitze (15) in einer spharischen Form umgibt, 
dadurch gekennzeichnet, 
daB eine zylindrische Hulseneinrichtung (35) 
vorgesehen ist, die die blanke Kernspitze (15) 
in Umfangsrichtung umgibt ohne sie zu beruh- 
ren, und an der Faserumhullung (11) benach- 
bart zu dem blanken Kernspitzenabschnitt (15) 
befestigt ist, wobei die Hulseneinrichtung (35) 
in geschraubter Verbindung mit der Faserum- 
hullung (11) ist, und 

daB das Streumedium (38) einen Teil der Hul- 
seneinrichtung (35) und der blanken Kern- 
spitze (15) umgibt und damit in Kontakt ist. 

16. Spharische faseroptische Streueinrichtung gemaB 
Anspruch 15, wobei das Streumedium (3B) eine 
Zusammensetzung eines optischen Klebmaterials 
und eines pulverisierten Streumaterials ist. 

17. Spharische faseroptische Streueinrichtung gemaB 
Anspruch 16, wobei das Streumedium (38) vor- 
zugsweise 5 Gew.% bis 20 Gew.% pulverisiertes 
Streumaterial aufweist. 

18. Spharische faseroptische Streueinrichtung gemaB 
Anspruch 17, wobei der Brechungsindex des opti- 
schen Klebmaterials von dem des pulverisierten 
Streumaterials verschieden ist, wobei der Bre- 
chungsindex des optischen Klebmaterials zu dem 
Faserkern (14, 15) paRt. 

19. Spharische faseroptische Streueinrichtung gemaB 
Anspruch 18, wobei das pulverisierte Streumaterial 
ausgewahlt ist aus der Gruppe, die aus Saphirpul- 
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20. Spharische faseroptische Streueinrichtung gemaU 
Anspruch 1 8 Oder 1 9, wobei das pulverisierte Streu- 
material vorzugsweise im Bereich von 5 Gew.% bis 
15 Gew.% in der Zusammensetzung liegl. 

21. Spharische faseroptische Streueinrichtung gemalJ 
Anspruch 20, wobei das Klebmaterial ein Epoxid- 

22. Vertahren zum Heratellen einer spharischen faser- 
optischen Streueinrichtung, die Licht in einem 
spharischen Streumuster abstrahlt, mit den Schrit- 



Entfemen der Umkleidung und Ummantelung 
einer optischen Faser (10) an einem Ende Ober 
eine vorbestimmte Lange, um sine blanks 
Kemspitze (15) zu schaffen, 
Polieren der Kemspitze (15), um eine saubere 
und glatle Oberflache zu schaffen, 
Fertigen einer Silikonkautschukform (45), die 
einen Rundbehalterbereich und einen zylindri- 
schen Halsbehalterbereich aufweist, 
langsames FOIIen der Form (45) mlt einer 
Streumischung (38), Befestigen einer zylindri- 
schen Hulseneinrichtung (35) an der Umhul- 
lung (11) der Faser (10), die die blanke Kem- 
spitze (15) in Umfangsrichtung umgibt, wobei 
der Befestigungsschritt die Unterschritte des 
Herstellens von Gewindegangen an der Innen- 
flache der Hulseneinrichtung (35) und des Her- 
stellens von Gewindegangen an der Oberfla- . 
che der Faserumhullung (11) in dem Bereich 
benachbart zu der blanken Kemspitze (1 5) auf- 
weist, 

Einsetzen des Faserspitzenabschnitts in die 
mit der Streumischung (38) gefulrte Form (45), - 

Ausharten der Streumischung (38) bei einer 
vorbestimmten Temperatur. 

23. Vertahren gemalJ Anspruch 22, das ferner einen < 
Schritt vor dem GieBen zum Bereiten der Streumi- 
schung (38) durch die Unterschritte 

(i) Mischen des Klebmaterials mit dem pulveri- 
sierten Streumaterial fur eine vorbestimmte s 
Zeit, 

(ii) Stehenlassen der Mischung fur eine vorbe- 
stimmte Zeit, und 

(iii) Entgasen der Mischung mit einer vakuum- 
pumpe fur eine vorbestimmte Zeit s. 
aufweist. 

24. Vertahren gemal) Anspruch 22, das ferner einen 



Schritt des Einstellens der Position des Faserspit- 
zenendes in der gefOllten Form (45) Oder einen 
Schritt des Einstellens der Position der Faserspitze 
in der Hulseneinrichtung (35) aufweist. 



Revendleations 

1 . Diff useur a fibre optique, comprenant 

une fibre optique (10) ayant une ame en fibre 
(14) et une gaine (1 2, 1 3) pour delivrer I'energie 
lumineuse, un diffuseur etant agence de facon 
que le motif de lumiere emise soit a peu pres 

,s d'intensite uniforme dans un motif cylindrique 

par rapport a I'axe central de ladite fibre optique 
(10), ladite fibre optique (10) comprenant une 
partie de bout a ame denudee (15), 
un moyen formant manchon (18) enfermant 

■° ladite partie de bout de fibre (15) sans toucher 

cette demiere et fixee sur la gaine de fibre (12, 
1 3) a cote de ladite partie de bout de fibre (1 5), 
caracterise 

en ce que ledit moyen formant manchon (18) 
s possede une partie de tete d'extremite fermee 

(19) et une partie d'extremite ouverte fixee sur 
la gaine de fibre (1 2, 1 3) a cote de ladite partie 
de bout de fibre (15) et 

en ce que ledit moyen formant manchon (18) 
o est dans une relation filetee avec ladite gaine 

de fibre (12, 13). 

2. Diffuseur a fibre optique selon la revendication 1 , 
dans lequel ladite partie de bout de fibre (15) est 

s revetue d'un milieu diffusant (16). 

3. Diffuseur a fibre optique selon la revendication 1 ou 
2, dans lequel ledit moyen formant manchon (18) 
comporte un alesage de taille superieure au diame- 

' tre de I'ame en fibre (1 4) ou au diametre dudit bout 
d'ame revetu de milieu diffusant (15, 16), et est de 
forme cylindrique avec une extremite fermee. 

4. Diffuseur a fibre optique selon la revendication 1 , 
: dans lequel une matiere adhesive est ajoutee sur 

les filets dudit moyen formant manchon (18) ou sur 
les filets de la gaine de f ibre( 1 2, 1 3) au moment du 
montage pour assurer une etancheite a I'eau entre 
ledit moyen formant manchon (18) et ladite gaine 
de fibre (12, 13). 

5. Diffuseur a fibre optique selon la revendicalion 2, 
dans lequel ledit moyen formant manchon (18) 
comporte une tete fermee en forme de cane (1 9) a 
un angle souhatte par rapport a I'axe central de 
ladite fibre optique (10). 

6. Diffuseur a fibre optique selon la revendicalion 2, 
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dans lequel ledit milieu diftusant (16) est une com- 
position d'une matiere adhesive optique et d'une 
matiere diffusante en poudre. 

7. Diffuseur a fibre optique selon la revendication 6, s 
dans lequel I'indice de refraction de ladite matiere 
adhesive optique est different de celui de ladite 
matiere diffusante en poudre, I'indice de refraction 

de ladite matiere adhesive optique concordant avec 
la fibre optique (14, 15), et dans lequel ladite io 
matiere diffusante en poudre est comprise dans une 
plage de 5 % a 20 % en poids de ladite composition. 

8. Diffuseur a fibre optique selon la revendication 7, 
dans lequel ladite matiere diffusante en poudre est is 
selectionn6e a partir du groupe constilue de poudre 

de saphir, c'est-a-dire d'oxyde d'aluminium, ou de 
poussiere de diamant ou de poussiere d'oxyde de 
zirconium. 

9. Diffuseur a fibre optique selon la revendication 7 ou 
S, dans lequel ladite matiere diffusante en poudre 
est, de preference, dans la plage de 5 % a 1 5 % en 
poids dans ladite composition. 

25 

10. Diffuseur a fibre optique selon la revendication 9, 
dans lequel ladite matiere adhesive est un epoxy. 

11 . Procede pour fabriquer un diffuseur a fibre optique, 
comprenant les elapes suivanles : 30 

I'enlevement de la gaine (13) et du gainage 
exterieur (12) d'une fibre optique (10) a une 
extremite particuliere sur une longueur prede- 
termines pour realiser un bout d'ame denude 3S 
(15), 

le poiissage dudit bout d'ame denude expose 
(15) pour realiser une surface propre et lisse, 
le choix d'une matiere incolore et transparente 
a la lumiere a une longueur d'onde predetermi- io 
nee et fabrication d'une forme souhaitee, de ce 
fait, avec une taille longitudinale plus longue 
que la longueur dudit bout d'ame denude (15), 
le forage de ladite matiere formee avec une 
extremity fermSe pour realiser un moyen for- *s 
mant manchon (18), 

Pinsertion dudit bout d'ame denude (15) dans 
ledit moyen formant manchon (18), et 
la fixation de I'extremite ouverte dudit moyen 
formant manchon (18) sur la gaine de fibre (1 2, so 
1 3) a cete dudit bout d'ame denude (1 5), dans 
laquelle ladite etape de fixation comprend les 
etapes secondaires de taraudage sur la sur- 
face interieure dudit moyen formant manchon 
(18) et de fabrication de filets sur la surface de ss 
ladite gaino de fibre (1 2. 1 3) dans la partie adja- 
cente audit bout d'ame denude (15). 
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12. Procede selon la revendication 11, comprenant, de 
plus, une etape de revetement d'une fine couche 
de milieu diffusant la lumiere (1 6). de facon optique- 
ment homogene, sur ledit bout d'ame denude poli 
(15), le diametre exterieur du bout de fibre revetu 
etant plus petit que le diametre interieur dudit 
moyen formant manchon (18). 

13. Procede selon la revendication 11 ou 12, compre- 
nant, de plus, I'etape de formation en cone de 
I'extremite fermee dudit moyen formant manchon 
(18) a un angle predetermine pour realiser une tete 
pointue (19). 

14. Procede selon la revendication 11, dans lequel 
ladite etape de fixation comprend I'etape secon- 
dare d'ajout d'une matiere adhesive sur lesdits 
filets au moment du montage pour realiser un joint 
etanche a feau et pour renforcer la connexion. 

15. Diffuseur spherique a fibre optique pour diffuser la 
Iumi6re en un motif de diffusion spherique, compre- 



une fibre optique (10) avec un bout d'ame 
denude, sans gaine, (15) a une extremite, et 
un milieu diffusant (38) enfermant ledit bout 
d'ame denude (15) sous une forme spherique, 
caracterise 

en ce qu'un moyen formant douille cylindrique 
(35) est prevu, lequel entoure, de maniere cir- 
conferentielle, ledit bout d'ame denude (15) 
sans le toucher et est fixe sur la gaine de fibre 
(11 ) a cote de ladite partie formant bout d'ame 
denude (15), 

dans lequel ledit moyen formant douille (35) es1 
en relation filetee avec ladite gaine de fibre (11 ), 
et 

en ce que ledit milieu diftusant (38) enferme et 
est en contact avec une partie dudit moyen for- 
mant douille (35) et ledit bout d'ame denude 
(15). 

16. Diffuseur spherique a fibre optique selon la reven- 
dication 15, dans lequel ledit milieu diffusant (38) 
est une composition d'une matiere optique adhe- 
sive et d'une matiere diffusante en poudre. 

17. Diffuseur spherique a fibre optique selon la reven- 
dication 16, dans lequel ledit milieu diffusant (38) 
comprend, de preference, 5 % a 20 % en poids de 
matiere diffusante en poudre. 

18. Diffuseur spherique a fibre optique selon la reven- 
dication 17, dans lequel I'indice de refraction de 
ladite matiere adhesive optique est different de 
celui de ladite matiere diffusante en poudre, I'indice 
de retraction de ladite matiere adhesive optique 
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concordant avec la fibre optique (1 4. 15). 

19. Diffuseur spherique a fibre optique selon la reven- 
dication 18, dans lequel ladite matiere diffusante en 
poudre est selectionnee a partir du groupe consti- 
tue de poudre de saphir, c'est-a-dire cfoxyde cfalu- 
minium, ou de poussiere de diamant ou de pous- 
siere d'oxyde de zirconium. 

20. Diffuseur a fibre optique selon la revendication 18 
ou 1 9, dans lequel ladite matiere diffusante en pou- 
dre est, de preference, dans la plage de 5 % a 15 
% en poids dans ladite composition. 

21. Diffuseur spherique a fibre optique selon la reven- 
dication 20, dans lequel ladite matiere adhesive est 
un epoxy. 

22. Precede pour fabriquer un diffuseur spherique a 
fibre optique emettant de la lumiere en un motif de 
diffusion spherique, comprenant les etapes 
suivantes : 



(ii) mise en repos du melange pendant un 
temps predetermine, et 

(iii) degazage dudit melange par une pompe 
d'aspiration pendant un temps predetermine. 

24. Precede selon la revendication 22, comprenant, de 
plus, une etape de reglage de la position de ladite 
extremile de bout de fibre dans ledit moule rempli 
(45) ou une etape de reglage de la position dudit 
bout de fibre dans ledit moyen formant douille (35). 



I'enlevement de la gaine et du gainage exte- 
rieur d'une fibre optique (10) a une extremite is 
particuliere sur une longueur predetermined 
pour realiser un bout d'ame denude (15), 
le polissage dudit bout d'ame (15) pour realiser 
une surface propre et lisse, 
la preparation d'un moule en caoutchouc de 30 
silicone (45) incluant une partie arrondie for- 
mant conteneur et une partie cylindrique en 
goulot formant conteneur, 
le remplissage lent dudit moule (45) par un 
melange diffusant (38), as 
la fixation d'un moyen formant douille cylindri- 
que (35) sur la gaine (1 1 ) de ladite fibre (1 0) qui 
entoure, de maniere circonferentielle, ledit bout 
d'ame denude (15), dans laquelle ladite etape 
de fixation comprend les etapes secondares «o 
de fabrication de filets sur la surface interieure 
dudit moyen formant douille (35) et de fabrica- 
tion de filets sur la surface de ladite gaine de 
fibre (11) dans la partie adjacente audit bout 
d'ame denude (15), 4s 
insertion dudit bout d'ame denude dans ledit 
moule (45) rempli par ledit melange diffusant 
(38), et 

la cuisson dudit melange diffusant (38) a une 
temperature predeterminee. so 

23. Procede selon la revendication 22, comprenant, de 
plus, une pre-etape de preparation du melange dif- 
fusant (38) par les etapes secondares suivantes : 

ss 

(I) melange de la matiere adhesive avec la 
matiere diffusante en poudre pendant un temps 
predetermine, 
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